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Abstract 
An evaluation of Central Solar Heating Plants with Seasonal Storage in Spain has been performed with dynamic 
simulations built on TRNSYS. The model has been designed for several Spanish cities that are representative of the 
different climatic areas with a significant demand of thermal energy for heating. The system should cover the heating 
demand of 1000 apartments of 100 m2 in multifamily buildings with similar features, providing a solar fraction of 
about 50% without wasting solar heat in summer and without oversizing the seasonal storage tank. Climatic and 
specific demand data for each city have been used. The model simulates the solar collector field, pipe lines, heat 
exchangers, a seasonal storage tank, pumps, auxiliary boiler and auxiliary pieces of equipment needed in the model. 
The obtained results show that CSHPSS with a solar fraction of about 50% require in the case of Spain a relatively 
small Ratio Area of solar collectors versus heating Demand and a high Ratio of seasonal storage tank Volume versus 
solar collector Area. The estimated cost of the heat produced in CSHPSS with a solar fraction of 50% can be 
competitive with the heat cost of domestic heat boilers, which is a very common solution for heating in residential 
buildings in Spain. The obtained results show that CSHPSS represent an interesting and promising alternative for 
covering the heating demand in residential buildings in Spain. 
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1. Introduction 
Large solar thermal systems are those systems with a total solar thermal capacity higher than 0.5 MW 
and/or a solar collector area higher than 700 m2 [1]. These large systems can provide heat with a high 
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solar fraction to industries, commercial, service and residential buildings [1-5]. In the particular case of 
residential buildings, Central Solar Heating Plants with Seasonal Storage (CSHPSS) have demonstrated 
to be a feasible option to cover the thermal energy demand of urban districts and even small cities [3].  
Spanish legislation on buildings construction imposes the coverage with solar thermal energy the 30% 
- 70% (depending on the climatic area in Spain) of energy demand corresponding only to the domestic hot 
water [6]. The result is that the application of solar thermal energy for covering the heating demand of 
buildings in Spain is marginal. In other countries of Central and North Europe and even Canada an 
important experience on solar thermal energy has already been gained and several Central Solar Heating 
Plants with Seasonal Storage (CSHPSS), have been built to cover the thermal energy demand of districts 
[3, 4]. The experience gained in Central and North Europe and the better conditions of solar radiation in 
Spain suggest the feasibility of installing Central Solar Heating Plants combined with Seasonal Storage in 
those Spanish areas in which there is a significant demand of thermal energy for heating in winter. In 
Spain, where 70% of the population lives in multifamily buildings, CSHPSS could be installed to supply 
heat for heating through small district heating systems for communities, increasing the fraction of 
renewable energies in the heating for residential sector. 
 
Nomenclature 
CSHPSS Central Solar Heating Plants with Seasonal Storage 
ktoe  kilo tonnes of oil equivalent (1 ktoe = 11.36 GWh) 
RAD  Ratio solar collector Area, Demand (m2/(MWh/yr)) 
RShCh  Ratio of Solar heat supplied to demand divided by Collected heat. 
RShR  Ratio of Solar heat supplied to demand divided by Radiation. 
RVA  Ratio seasonal storage Volume versus solar collector Area (m3/m2). 
QBHo  Output heat from the auxiliary boiler (MWh/yr) 
Qc  Heat harvested by the solar collector area (MWh/yr) 
Qcoll,l  Heat harvested by the solar collector (MWh/yr) 
Qpipes,l  Heat losses in the pipes of the solar field (MWh/yr) 
Qss,l  Heat losses transferred to the ambient from the Seasonal Storage (MWh/yr) 
Qss,o  Output heat extracted from the Seasonal Storage (MWh/yr) 
Qr  Total radiation received on the tilted surface of the solar collector (MWh/yr) 
Qsf  Heat Delivered from the solar field (MWh/yr) 
Kss  Efficiency of the seasonal storage 
Ksys  Efficiency of the system 
The main aim of this paper is to present an evaluation of the potential of large solar heating plants, 
particularly CSHPSS, in Spain. A dynamic model of a CSHPSS has been built using the software 
TRNSYS [7] and has been applied for the technical and economic evaluation of these systems in Spanish 
cities that are representative of the different climatic areas with a significant demand of thermal energy 
for heating. The systems will be designed to produce a solar fraction of about 50% of the heating demand 
for 1000 dwellings. A base model, consisting of large size flat plate collectors and hot water tank as 
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seasonal storage, is defined for the selection and sizing of the required pieces of equipment in the 
different analyzed cities. In Europe plants with this configuration have been built obtaining good results 
[3, 4].  
2. Description of the model 
The design of a CSHPSS is a complex process in which components are strongly dependent and a 
dynamic simulation is required to evaluate as accurate as possible the highly variable behavior of the 
plant during the day and along the year.  
The CSHPSS model has been designed for covering the heating demand, providing a solar fraction of 
about 50%, of a community consisting of 1000 apartments in six floor multifamily buildings. Each 
apartment has an area of 100 m2 being the total considered area in the analysis 100,000 m2. Several cases 
corresponding to different cities, located in different climatic areas, requiring different annual demands of 
heating as well as different distributions of heating demand during the year have been considered. The 
seasonal thermal energy storage tank is assumed full charged when the control system stops the 
installation because the maximum temperature in the tank has been reached (100 ºC). In order to obtain 
comparable results, the system provides in all the analyzed cases around 50% solar fraction that requires 
different solar field area and seasonal storage volume. In order to maximize the solar thermal potential 
and to avoid oversizing of the seasonal thermal energy storage tank, the system accumulates all the extra 
heat produced in summer and gets a full charged tank at the end of the summer. 
The dynamic model of the analyzed CSHPSS, used as a tool for the evaluation of the potential of 
CSHPSS in Spain, has been built with TRNSYS [7], which is a flexible software, focused in the 
simulation of the transient behavior of thermal, electrical and solar system. The TRNSYS model of the 
CSHPSS is depicted in Fig. 1. The system consists of solar collectors connected to a primary circuit to 
transport the heat from the collectors to a secondary circuit connected to a seasonal thermal energy 
storage tank and a delivery system to transport the heat to a district heating system. A group of 
connections and different controllers to plug, unplug or regulate the performance of pumps, auxiliary 
boiler and the other plant components have been implemented. The control system connects the pumps of 
the solar field when the radiation can produce useful heat for the system. A secondary pump transfers the 
heat from the heat exchanger to the seasonal storage tank and a variable flow pump modifies the amount 
of supplied heat according to the demand and the temperature in the seasonal storage tank. 
Fig. 1. Dynamic model on TRNSYS of the analyzed central solar heating plant with seasonal storage 
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2.1. Equipment 
The solar collectors are south oriented, with a tilt angle of 45º. The working fluid is a water-glycol 
mixture with a density of 1022 (kg/m3) with a nominal mass flow rate of 20 (kg/h m2) for all the analyzed 
cases. For Spanish conditions it has been found this optimum value along the whole year. Smaller values 
as 12 - 14 (kg/h·m2) produce many hours of stagnament in summer and higher values as 30 - 40 (kg/h·m2) 
reduce the number of working hours in winter. Solar collectors used in the model are specifically 
designed for large applications. The aperture area of one collector is 12.54 m2 and its design allows 
connecting in series until 14 solar collectors reducing the piping and the connections. The model used in 
the system is ARCON HT-SA 28/10 [8]. Optic efficiency of the solar collector based on aperture area is 
K0=0.817, being coefficients a1=2.205 (W/m2 K) and a2=0.0135 (W/m2 K2) according to EN 12975-2 [9]. 
The heated water is transported in pipes (TRNSYS type 709) from the solar collectors (TRNSYS type 
1a) to the heat exchanger (TRNSYS type 5c) and from the heat exchanger to the seasonal storage 
(TRNSYS type 4c). A pump in the solar field (TRNSYS type 3b) simulates the energy needed to cover 
the pressure drop of the system. The seasonal thermal energy storage tank used in the model is a 
cylindrical hot water tank with a ratio heigth versus diameter (h/d) of 0.6 (m/m). The insulation of the 
seasonal storage has been set at 0.06 (W/m2 K) with an insulation of 50 cm of extruded polystyrene 
(XPS). The environment conditions for the seasonal storage are ground conditions (TRNSYS type 77). 
The stratification of a hot water tank improves the efficiency of the system, therefore the seasonal thermal 
energy storage tank is divided in ten different nodes with different temperatures. Water at the bottom of 
the tank is sent to the solar collector field and water flow transferring thermal energy from the solar 
collector field is introduced at the top of the tank. Also water to be delivered to the district heating system 
is taken from the top of the tank. A variable flow pump (TRNSYS type 110) adapts the mass flow rate to 
the heating needs of the district heating network. A heat exchanger (TRNSYS type 5c) transfers the heat 
from the seasonal storage to the district heating network. The minimum heat exchanger efficiency value 
considered for all the heat exchangers is 0.95. A conservative global efficiency of 0.55 has been 
considered in the pumps. An auxiliary boiler (TRNSYS type 6) natural gas fueled, with an energy 
efficiency of 93%, provides the required heat to the district heating system when necessary, in order to 
increase the temperature of the delivered water to the minimum required temperature 50 ºC. The return 
water temperature of the district heating is 30 ºC.  
2.2. Model input data 
The simulation model of the CSHPSS has been applied to several case studies corresponding to 
Spanish cities that are representative of different Spanish climatic zones. Therefore, specific input data for 
each case study corresponding to the demand as well as climatic data of each city have been used. From 
all the Spanish climatic zones have been taken those that have an important heating demand, i.e. class C 
or higher according to Spanish climatic zones of Spanish Edification Technical Code (CTE) [6]. A 
climatic file for each city has been introduced in the TRNSYS model, containing the radiation, ambient 
temperature and air humidity for each city. The climatic files have been obtained from Eplus data files 
[10] in an hourly base. The demand has been evaluated considering for each city, a six floor multifamily 
building that has been simulated with TRNSYS in order to obtain a distributed hourly demand necessary 
for dynamic simulations. The simulations with TRNSYS were performed as there are no official data in 
Spain of detailed demand. According to Spanish normative, CTE [6], the minimum requirements for the 
envelope of a building is different for each climatic zone as well as the requirements for windows. 
Different envelopes have been defined for each city according to the minimum quality required, in the 
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Spanish normative, for energy efficiency. The annual demand per square meter of the simulated houses 
with TRNSYS is shown in Table 1. 
Table 1. Latitude, radiation and heating demand values corresponding to cities considered in the study 
City Latitude (º) Radiation 
 (MJ/m2 yr) 
Heating  
(kWh/m2 yr) 
City Latitude (º) Radiation 
 (MJ/m2 yr) 
Heating  
(kWh/m2 yr) 
Avila 40.7 5740.7 98.3 Oviedo 43.3 4141.5 82.7 
Barcelona 41.3 5914.8 48.6 Salamanca 41.0 5839.3 90.4 
Burgos 42.4 5157.8 110.9 Soria 41.8 5372.8 103.4 
Jaen 37.8 6333.1 43.6 Vitoria 42.8 4669.1 100.9 
Madrid 40.4 6114.7 68.1 Zaragoza 41.7 5893.1 54.9 
3. Results of the model 
The energy flow diagram of the CSHPPS (Fig. 2) has been divided in four different control volumes: 
the collector, the solar field, the seasonal storage and the distribution system supplying the heating 
demand. The control volume of the solar collector has been set to take only the solar collector in order to 
evaluate its efficiency. The solar field system contains the pipe lines, the pumps of the solar field, the heat 
exchanger and the pump 1 to the seasonal storage. The control volume of the seasonal storage has the 
frontier around the equipment to evaluate its heat losses as well as the energy input and output from the 
storage. The distribution system consists of the heat exchanger 2, a variable flow pump (pump 2) and the 
auxiliary boiler to increase the temperature of the delivered water to the district heating when it does not 
reach the minimum supply required temperature.  
Next are presented the results of the CSHPSS model for the different analyzed case studies. First are 
presented detailed results on a monthly base for the specific case of the city of Zaragoza, then are 
presented the obtained results on annual basis for all the analyzed cities.  
Fig. 2. Energy flow diagram of the central solar heating plant with seasonal storage 
3.1. Detailed results on a monthly base 
Detailed results obtained with the developed model are presented in this subsection for the evaluation 
of a CSHPSS that could be installed in the city of Zaragoza to supply solar heating to a community 
consisting of 1000 apartments in six floor multifamily buildings, as explained in Section 2. Simulations 
have been performed to obtain a solar fraction of about 50 %. The CSHPSS has been sized mainly 
adjusting the Ratio collectors Area versus heating Demand (RAV) and the Ratio tank Volume versus 
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collector Area (RVA). Thus, changing the RAD different solar fractions have been obtained with a 
constant RVA. Then adjusting the RVA and RAD a CSHPSS system sizing has been obtained with a 
solar fraction of 51 % and an average tank temperature of 89.7 ºC at the end of the month of maximum 
charge. The ratios RAD and RVA for Zaragoza are 0.52 (m2/(MWh/yr)) and 8 (m3/m2). The total area for 
such ratio is 2854 m2 of solar collector aperture area and a seasonal thermal energy storage tank of 22,829 
m3, with a diameter of the deposit of 36.5 m and a heigth of 21.9 m. The water-glycol mass flow rate in 
the solar field is 57,080 (kg/h) with a volumetric flow rate of 56 m3/h. According to that flow rate, pipes 
have been chosen with an internal diameter of 0.115 m. The solar field pump covers the pressure drop of 
the solar field heat exchanger 46 kPa and the pressure drop in the Solar field of 3 kPa, requiring a pump 
with a power of 1.5 kW. 
Table. 2. Monthly tilted radiation, thermal energy flows and relevant parameters for CSHPSS in Zaragoza  
Energy Units 
(MWh) Qr Qc Kcoll Qsf Qss,o RShCh QBH, o Heating Demand 
Solar 
Fraction RShR Ksys 
January 274.9 164.5 59.8% 162.1 175.9 108.5% 1130.4 1309.0 13.6 % 65.0% 58,6% 
February 331.4 210.4 63.5% 208.7 205.1 98.3% 658.9 864.8 23.8 % 62.1% 62,7% 
March 440.5 289.3 65.7% 287.9 283.5 98.5% 347.2 631.5 45.0 % 64.5% 65,1% 
April 436.3 289.3 66.3% 288.5 203.4 70.5% 161.9 365.9 55.8 % 46.8% 65,9% 
May 481.4 326.2 67.8% 325.9 79.9 24.5% 0.0 80.2 100.0 % 16.7% 67,4% 
June 486.4 317.2 65.2% 316.1 0.0 0.0% 0.0 0.0 100.0 % 0.0% 64,6% 
July 546.5 334.7 61.2% 332.0 0.0 0.0% 0.0 0.0 100.0 % 0.0% 60,2% 
August 552.4 303.9 55.0% 299.1 0.0 0.0% 0.0 0.0 100.0 % 0.0% 53,5% 
September 464.3 159.5 34.3% 152.7 0.0 0.0% 0.0 0.0 100.0 % 0.0% 32,0% 
October 408.6 143.3 35.1% 136.1 141.6 104.0% 0.0 142.0 100.0 % 34.8% 32,3% 
November 298.3 165.8 55.6% 162.6 806.7 496.2% 0.0 807.0 100.0 % 270.6% 53,4% 
December 257.3 151.7 58.9% 149.2 896.8 601.2% 388.7 1287.1 69.8% 349.1% 57,3% 
Annual 4978 2856 57.4% 2821 2793 99.0% 2687 5488 51.0 % 56.3% 56,1% 
 
The annual radiation, Qr, in Zaragoza on a tilted surface of 2854 m2 is 4978 MWh/year (see Table 2). 
The heat collected, Qc, along the year is 2856 MWh so the annual efficiency of the solar collector, Kcoll, is 
57.4%. Along the year the solar collector efficiency varies from 34% to almost 68%. The heat losses in 
the pipes provokes that the output energy from the solar field is slightly lower (1-2%) than the heat 
collected in the collector. Each month the seasonal storage is charged according to the solar field 
production, Qsf, and discharged Qss,o, according to the demand and the tank temperature. A ratio between 
these magnitudes (RShCh) can be defined (eq. 1). From Table 2 the monthly values of this ratio, RShCh, 
show that in the summer period the output energy flow from the seasonal storage is zero and in December 
the seasonal storage output can produce six times the solar heat harnessed in that month. The auxiliary 
boiler produces the additional useful heat, QBH,o, required for completing the total heating demand not 
covered with the solar system. The solar fraction, defined in equation 2, represents the fraction of heating 
demand covered with the solar system. The annual average solar fraction is 51%, however there are 
important variations along the year. For example the solar fraction is 100% during the charging period 
when there is low demand, as it is the case of May, as well as during the months in which the seasonal 
solar thermal energy storage is able of covering completely the heating demand (October-December).  
RShCh = Qss,o / Qsf  (1) 
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Solar Fraction=1 - QBH,o / Heating Demand  (2) 
RShR =(Heating Demand – QBH,o) / Qr  (3) 
Ksys =1- (Qcoll,l + Qpipes,l +Qss,l )/ Qr  (4) 
Kss =1- (Qss,l / Qsf)  (5) 
Ratio Solar heat versus Radiation (RShR), has been defined in equation 3. During short periods, heat 
produced can be higher than radiation received since the heat stored in the storage increase the solar heat 
production. RShR values in a monthly base (see Table 2) show that the plant in December can produce 
three times more heat than the total radiation of that month for the collector area, since solar radiation is 
low and the thermal energy of the seasonal storage, which is being discharged, is able of covering 
completely the high heating demand of December. System Efficiency,Ksys, informs about the relation 
between the solar heat produced (both for storing and for direct use), with respect to the total radiation 
received (eq. 4). Annual RShR and Ksys should be the same in steady state, differences come from inputs 
of indirect heat that comes from pumps and the difference of storage energy from one year to another. 
3.2. Results on an annual basis 
The same TRNSYS model, applying the same procedure as described in section 3.1, has been applied 
in cities that are representative of the different climatic areas with a significant demand of thermal energy 
for heating. As shown in Table 1, each analyzed city has different heating demand, solar radiation and 
climatic conditions. As a result different size of the pieces of equipment of CSHPSS, with a solar fraction 
about 50%, according to design criteria presented in section 2, have been obtained (see Table 3). 
Table. 3. Results on annual basis for the CSHPPS in different cities of Spain 
City Kcoll Ksf Kss Ksys Max Av.
* 
Temp (ºC) 
Solar 
Fraction 
RAD 
(m2/MWh/yr) 
RVA 
(m3/m2) 
Avila 56.4 % 98.7 % 99.6 % 55.4 % 88.3 50.4% 0.50 6.00 
Barcelona 60.0 % 98.8 % 99.4 % 59.0 % 89.2 52.1% 0.50 7.50 
Burgos 53.9 % 98.4 % 99.5 % 52.8 % 88.4 56.5% 0.68 6.00 
Jaen 59.2 % 98.9 % 99.2 % 58.1 % 88.0 51.4% 0.45 9.00 
Madrid 57.8 % 98.8 % 99.3 % 56.7 % 87.9 54.3% 0.55 8.00 
Oviedo 53.1 % 98.3 % 99.8 % 52.2 % 91.2 50.7% 0.75 3.00 
Salamanca 58.1 % 98.8 % 99.5 % 57.2 % 88.5 52.3% 0.50 7.50 
Soria 56.8 % 98.7 % 99.6 % 55.8 % 88.9 51.2% 0.55 6.50 
Vitoria 53.9 % 98.4 % 99.6 % 52.9 % 89.1 53.4% 0.70 5.00 
Zaragoza 57.4 % 98.7 % 99.3 % 56.3 % 88.2 51.0% 0.52 8.00 
*: Max Average Temp. is the tank average temperature at the end of the month with maximum charge. 
 
The efficiency of the system (Ksys) mainly depends on the efficiency of the solar collector (Kcoll). In 
Table 3 it is shown that the seasonal storage tank and the solar field have very high efficiencies. In respect 
to the efficiency of the solar collector, cities with high radiation as Jaen and Barcelona (Table 1) have a 
high solar collector efficiency, as well as in the whole system. Cities with low radiation as it is the case of 
Vitoria and Oviedo have low efficiency of the solar collector, as well as in the whole system. In respect to 
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the efficiency of the seasonal storage (Kss) it is higher in those cases with bigger RVA, i.e. with higher 
storage tank volume and as a consequence with lower proportional heat losses.  
From the obtained results for the different Spanish cities that are representative of the different 
climatic areas with a significant heating demand, a CSHPPS with a solar fraction around 50%, it is 
necessary, in the case of Spain, a RAD between 0.45 and 0.75 (see Table 3), taking this ratio higher 
values in places with lower radiation. The heat harnessed by the solar collectors per square meter is quite 
high almost 1 Mwh/(m 2/yr). Moreover, most of the analyzed cities in Spain have shown that require very 
big seasonal storage tank particularly if it is compared the volume of the seasonal storage with the size of 
the collector field (RVA 3-9). A higher seasonal storage tank is needed in places where the demand of 
heat is less distributed along the year (see data on table 4). 
Table. 4. Monthly heating demand distribution obtained from building simulations with TRNSYS 
MWh Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. RVA 
Avila 1529 1205 1115 860 465 68 2 1 44 463 1124 1552 6 
Barcelona 992 697 573 332 125 0 0 0 0 90 478 880 7.5 
Jaen 923 641 443 238 29 0 0 0 0 80 413 965 9 
Oviedo 1270 993 916 736 465 171 21 14 66 385 879 1173 3 
4. Estimation of economic cost 
In order to evaluate the energy cost of the heat produced with CSHPPS an estimation of the economic 
cost for the different analyzed cases has been performed. The total cost of the plant has been estimated 
with the next equations  
Solar Field Investment =740 (Acoll0.86) finc  (6) 
Seasonal Storage Investment = 4660 (Vtank 0.615) finc (7) 
Annual Cost =Investment [fmain+fop+(i (i+1)n)/((1+i)(n-1)] (8) 
The cost of the solar field and the seasonal storage represents approximately 80% of the equipment 
cost [11, 12]. The other elements are estimated as an extra cost of 20% (finc.). Annual maintenance cost, 
fmain, and operation cost, fop, are estimated respectively as 1% and 2.5%, of the investment cost. The solar 
fraction of the CSHPPS is about 50% of the heating demand. Therefore the additional thermal energy 
required is provided by a natural gas boiler with a gas price of 42.29 €/MWh according to Spanish natural 
gas price for consumers over 100 MWh/yr [13]. The operation life-time of the solar field and of the 
seasonal storage is assumed respectively 25 and 50 years, and the interest rate that has been considered in 
the analysis is 3%. The obtained heat costs of the CSHPPS can be compared with the cost of the heat 
obtained with a domestic boiler which it is about 51.30 - 57.96 €/MWh with an additional fixed cost of 
4.35 - 8.99 €/month for consumers of about 5MWh/yr [13]. 
Results from Table 5 show the different cost values of heat produced with different options. Solar heat 
cost (without contribution of any additional boiler) produced in the CSHPSS analyzed is about 2.5 times 
higher than the cost of the heat produced in a centralized heating system, but only about or even less than 
1.5 times higher than the cost of the heat produced in domestic heat boilers, which are a very common 
and popular solution for heating in residential buildings in Spain. Nevertheless, note that the estimated 
cost of the heat obtained in CSHPPS with a solar fraction of about 50% is competitive with the heat cost 
of domestic heat boilers, and in cities like Avila, Oviedo or Soria the CSHPSS has even a heat cost lower 
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than the domestic heat. Considering the increasing trend of natural gas prices, the estimated obtained 
results show that CSHPSS represent an interesting and promising alternative for covering the heating 
demand in residential buildings in Spain that, very likely, will become competitive in the next coming 
years. The price of the CSHPSS is very sensitive to the annual interest because the system is amortized in 
very long period.  
Table. 5. Collector field area; volume of seasonal storage tank; estimation of investment and annual costs of equipment; and 
comparative estimated costs of heat for the CSHPSS cases analyzed and for  different alternatives 
City 
Area 
Collector 
(m2) 
Storage 
Tank 
Volume (m3) 
Initial 
Investment 
(10^3€) 
Annual 
CSHPSS 
(10^3€) 
Boiler Heat 
Cost 
(€/MWh) 
Solar Heat 
Cost 
(€/MWh) 
CSHPSS 
Heat Cost 
(€/MWh) 
Domestic 
Heat Cost 
(€/MWh) 
Avila 4213 25,277 4016 506 42.80 77.02 60.04 64.11 
Barcelona 2083 15,625 2757 309 43.35 102.27 74.04 70.48 
Burgos 5702 34,213 4945 561 42.87 84.81 66.58 64.15 
Jaen 1680 15,120 2607 288 43.46 108.85 77.05 71.94 
Madrid 3212 25,696 3803 422 43.08 96.85 72.26 66.89 
Oviedo 5316 15,949 3570 447 42.90 82.60 63.02 65.32 
Salamanca 3873 29,046 4189 497 42.86 83.67 64.22 64.69 
Soria 4878 31,704 4598 559 42.78 82.42 63.08 63.47 
Vitoria 6054 30,271 4776 565 42.82 84.96 65.30 63.78 
Zaragoza 2854 22,829 3511 399 43.08 101.09 72.68 67.47 
5. Conclusions 
In this paper the potential of CSHPSS in Spain has been evaluated with a dynamic simulation model 
build on TRNSYS. The model has been designed for several Spanish cities that are representative of the 
different climatic areas with a significant demand of thermal energy for heating according to common 
design criteria: the system covers the heating demand of 1000 apartments of 100 m2 in multifamily 
buildings of similar features with a solar fraction of about 50% without wasting solar heat in summer 
from the solar collector field and without oversizing the seasonal storage tank volume. Climatic and 
specific demand data for each city have been used for the simulations.  
The obtained results show that CSHPSS with a solar fraction of about 50% require in the case of Spain 
a Ratio Area of solar collectors versus heating Demand between 0.45 and 0.75; and a high Ratio of 
seasonal storage tank Volume versus solar collector Area with a value between 3 and 9. The annual solar 
collector production can reach 1MWh/yr and the tank volume for a community of 1000 families can reach 
a volume of 35,000 m3. The volume of the heat storage is closely related to the heating demand 
distribution during the year: cities with a high heating demand during shorter periods of time require 
higher volumes of the seasonal storage tank.  
From the obtained results it can be concluded that CSHPSS in Spain can become an interesting 
alternative. The estimated cost of the heat produced in a CSHPSS with a solar fraction of about 50% in 
some cases is competitive with the heat cost of domestic heat boilers, which is a very common solution 
for heating in residential buildings in Spain. Considering the increasing trend of natural gas prices, the 
estimated obtained results show that CSHPSS represent an interesting, promising and environmental 
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friendly alternative for covering the heating demand in residential buildings in Spain that, very likely, will 
become competitive in the next coming years. 
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